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Rapid influenza diagnostic tests (RIDTs) may be useful during institutional respiratory disease outbreaks to identify influenza
and enable antivirals to be rapidly administered to patients and for the prophylactic treatment of those exposed to the virus but
not yet symptomatic. The performance of RIDTs at the outbreak level is not well documented in the literature. This study aimed
to evaluate the performance of RIDTs in comparison with that of real-time reverse transcription (rRT)-PCR in the context of
institutional respiratory disease outbreaks. This study included outbreak-related respiratory specimens tested for influenza vi-
rus at Public Health Ontario Laboratories by both RIDT and rRT-PCR, from 1 September 2010 to 30 April 2013. At the outbreak
level, performance testing of RIDTs compared to rRT-PCR for the detection of any influenza virus type demonstrated an overall
sensitivity of 76.5%, a specificity of 99.7%, a positive predictive value (PPV) of 99.5%, and a negative predictive value of 85.3%.
Because of their high specificity and PPV, even outside of the influenza season, RIDTs can play a role in screening for influenza
virus in outbreaks and instituting antiviral therapy in a timely manner when positive. RIDTs can also be useful in remote set-
tings where molecular virology testing is not easily accessible. Suboptimal sensitivity of RIDTs can be addressed by the use of
molecular testing.

Prior to the widespread use of PCR for the detection of influ-
enza virus, rapid influenza diagnostic tests (RIDTs), such as

immunochromatographic tests or enzyme-linked immunosor-
bent assays, were valuable tools to inform treatment decisions for
patient management in the event of institutional influenza out-
breaks. Currently, RIDTs enable the detection of influenza virus in
a timely fashion and are less expensive then molecular methods,
and laboratory staff can be easily trained in their use.

The sensitivity and specificity of RIDTs vary with the individ-
ual tests, the influenza virus type and subtype, the body site from
which the specimen was collected (e.g., nasopharyngeal versus
throat swab), the time to specimen collection, and patient age
(1–4). In addition, their positive predictive values (PPVs) and
negative predictive values (NPVs) are influenced by the preva-
lence of influenza in the population tested (5). The limitations of
RIDTs have been well described in the literature and include sub-
optimal sensitivity resulting in false-negative results, particularly
during periods of high influenza virus activity. Conversely, false-
positive results are more common during low influenza virus ac-
tivity (6). In the published literature, their sensitivity varies from
10 to 80% (most commonly from 40 to 70%); their specificity is
better and ranges from 85 to 100% (5, 6). Despite these limita-
tions, RIDTs remain a useful tool during institutional respiratory
disease outbreaks to identify influenza virus and enable antivirals
to be rapidly administered in order to treat patients and prophy-
lactically treat those exposed to the virus but not yet symptomatic.
Testing of more than one symptomatic individual with influenza-
like illness in each outbreak increases the sensitivity of RIDTs in
detecting influenza virus at the outbreak level (with at least one
specimen positive for influenza virus out of those tested from the
same outbreak) (6).

RIDT performance at the outbreak level was reported previ-
ously, but those studies either focused on small outbreaks or used
viral culture as the gold standard for comparison (7, 8). The pur-
pose of our study was to evaluate the performance of RIDTs in
comparison to that of PCR in the context of institutional respira-

tory disease outbreak testing conducted over three influenza sea-
sons.

MATERIALS AND METHODS
Study period. The data used for this study included three consecutive
influenza surveillance seasons, 1 September 2010 to 31 August 2011
(2010-2011 season), 1 September 2011 to 31 August 2012 (2011-2012
season), and 1 September 2012 to 30 April 2013 (2012-2013 abridged
season). Per Ontario Ministry of Health and Long Term Care, the yearly
influenza surveillance season is defined as the period between 1 September
and 31 August of the following year.

Testing location. Testing for this study was done at Public Health
Ontario Laboratories (PHOL) as part of routine laboratory testing and
respiratory virus surveillance. PHOL provide service to the entire prov-
ince of Ontario, Canada (population, 13.4 million) at 11 locations (Ham-
ilton, Kingston, London, Orillia, Ottawa, Peterborough, Sault Ste. Marie,
Sudbury, Thunder Bay, Timmins, and Toronto [the central laboratory]).
PHOL provide testing for most of the respiratory specimens submitted
from community (e.g., daycare), hospital, long-term care facilities
(LTCFs), and other institutional outbreak settings. At PHOL, up to four
specimens are routinely tested by real-time reverse transcription (rRT)-
PCR and RIDTs per outbreak, with additional specimens tested by special
request from the local health care unit overseeing the outbreak. However,
on rare occasions, more than one specimen may have been submitted
from each resident or patient. Influenza RIDTs are not routinely used at
PHOL for testing of nonoutbreak specimens.

In Ontario, PHOL relies on the local medical officer of health or des-
ignate to determine if an outbreak meets the provincial case definition (9);
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PHOL do not receive sufficient information to verify that declared insti-
tutional outbreaks have met the definition.

Specimen collection and laboratory testing. Respiratory specimens
were collected from patients with respiratory symptoms by using Univer-
sal Transport Medium (UTM) kits (Copan Italia, Brescia, Italy) and trans-
ported at 2 to 8°C or on wet ice to the PHOL for processing within 48 h of
collection.

We included respiratory specimens that had both rRT-PCRs and
RIDTs performed at PHOL. In-house rRT-PCRs were used at PHOL to
test for influenza viruses A and B in accordance with CDC protocols.
Results of rRT-PCRs were based on CT (cycle threshold) values as follows:
a CT value of �38 was considered a positive reaction, 38.1 to 39.9 was
considered indeterminate, and �40 was considered negative.

For the rapid test, Directigen EZ Flu A&B (BD, Mississauga, Ontario,
Canada) was performed until 8 January 2013. For the subsequent period,
this RIDT was replaced with Remel Xpect Flu A&B (Thermo Fisher Scientific,
Nepean, Ontario, Canada), which was phased in over several months across
all PHOL.

Hierarchical rules. For the purpose of this study, some hierarchical
rules were applied at different levels of analysis. Specifically, at the speci-
men level, indeterminate results obtained by RIDTs (n � 5) and by rRT-
PCR for influenza virus A (n � 48) and for influenza virus B (n � 10) were
excluded from analysis. At the outbreak level, for each testing method,
outbreaks were considered positive for any influenza virus if either influ-
enza virus A or B or both were detected by that method in at least one
outbreak-related specimen, with positive results overriding indetermi-
nate or negative results. Outbreaks were considered negative for any in-
fluenza virus if neither influenza virus A nor B was detected by that
method in any outbreak-related specimen. Outbreaks with the only avail-
able result being indeterminate (n � 1 for influenza virus A, n � 1 for
influenza virus B) were removed from analysis. When comparing the two
methods at both the outbreak and specimen levels, specimens that were
negative for influenza virus by rRT-PCR but positive by RIDTs were con-
sidered false positive, while specimens that were positive by rRT-PCR and
negative by RIDTs were considered false negative.

Statistical analysis and study design. The combined sensitivity, spec-
ificity, PPV, and NPV of both RIDTs were calculated for each influenza
virus type at the specimen and outbreak levels along with 95% confidence
intervals (CIs) using rRT-PCR as the reference method. These testing
performance indicators were calculated/compared for influenza virus A
or B, A versus B, by influenza season, and each rapid testing method at
both the specimen and outbreak levels. Additional analyses were per-
formed by the age of the resident or patient from whom the specimen was
obtained and the influenza virus activity level at the specimen level, the
outbreak setting type, and the number of specimens tested by both meth-
ods at the outbreak level. For the purpose of this study, the influenza virus
activity level was defined as either high or low on the basis of a cutoff point
of a provincial influenza virus percent positivity of �10% for the predom-
inant circulating influenza virus type (5). At the outbreak level, we in-
cluded only those outbreaks that had specimens tested by both methods.
Chi-square and Fisher exact tests were used to compare performance test-
ing indicators. P values of �0.05 were considered significant.

Some regional laboratories may have switched to Remel Xpect Flu
A&B slightly later than 8 January 2014.To address this, sensitivity analyses
were also performed by comparing the combined estimates with the esti-
mates for Directigen EZ Flu A&B alone, which was used for the longer
period. This was a retrospective study.

RESULTS
The predominant seasonal influenza viruses. For the 2010-2011
season, the dominant influenza virus type was influenza virus A,
accounting for 3,095/3,543 (87.5%) influenza virus-positive spec-
imens detected at PHOL, with the most common subtype being
A/H3N2, representing 2,694/2,921 (92.2%) subtyped specimens.
During the 2011-2012 season, influenza virus B accounted for

2,004/2,597 (77.2%) influenza virus-positive specimens. In the
2012-2013 season, influenza virus A was the dominant type, ac-
counting for 6,454/7,173 (89.9%) influenza virus specimens, with
the most common subtype being A/H3N2, representing 3,737/
4,124 (90.6%) subtyped specimens.

Characteristics of patients. Most (6,979; 96.6%) of the speci-
mens included in this study were outbreak related. The mean and
median ages of the patients were 82.5 and 86 years, respectively
(range, 3 months to 108 years), reflecting the fact that most spec-
imens were collected from elderly persons who were part of respi-
ratory disease outbreaks in LTCFs. Nasopharyngeal swabs were
the most common specimen type, representing 7,146 (98.9%) of
the specimens collected; the remainder of the specimens were
bronchoalveolar lavage fluid samples, throat swabs, nasal swabs,
or swabs submitted without documentation of the collection site.
The average time delay from specimen collection to testing was 1.6
days, with a 90th percentile of 3.6 days.

Characteristics of outbreak-related specimens. According to
the PHOL outbreak testing algorithm, not all outbreak-related
specimens are tested by RIDT (10). Of the 3,074 outbreaks from
which specimens were submitted for testing during the study pe-
riod, 2,345 (76.2%) and 2,338 (76.1%) had both RIDTs and rRT-
PCRs performed for influenza virus A and/or B, respectively (Fig.
1). A range of 1 to 12 specimens were tested by both RIDTs and
rRT-PCRs per outbreak, with a mean of 2.9 and a median of 3
specimens per outbreak. The settings were LTCFs for 1,759
(75.1%) of the outbreaks, retirement homes for 395 (16.9%) of the
outbreaks, and hospitals for 66 (2.8%) of the outbreaks. Other
settings from which specimens were submitted included daycare
centers, camps, and schools for a total of 61 (2.6%) outbreaks. For
66 (2.8%) outbreaks, no setting type was reported.

Performance testing of RIDTs at the specimen level. After
removing all of the indeterminate results obtained by any testing
method, a total of 7,228 specimens tested for influenza virus A and
7,237 specimens tested for influenza virus B (with most specimens
tested for both targets) were included in this study (Fig. 1). The
distribution of respiratory specimens tested by the two methods in
each influenza season is illustrated in Table 1.

Overall, detection of influenza virus A by RIDTs had a sensi-
tivity of 60.3%, a specificity of 99.9%, a PPV of 99.8%, and an NPV
of 86.4% (Table 2). Only the specificity and NPV varied by influ-
enza season (P values of �0.05 and �0.001, respectively). The
specificity was lowest during the 2010-2011 season, and the NPV
was highest during the 2011-2012 season (P � 0.001).

For influenza virus B, RIDTs had a sensitivity of 37.6%, a spec-
ificity of 99.9%, a PPV of 99.1%, and an NPV of 97.3% (Table 2).
Only the NPV varied by the influenza season, and it was highest
during the 2010-2011 season (P � 0.001).

Comparing the performance of RIDTs for influenza viruses A
and B, we found that their sensitivity and NPV varied with the
influenza virus type (P � 0.001). The sensitivity was the highest
and the NPV was the lowest for influenza virus A (Table 2).

Of the specimens included in this study, 80% were tested by
Directigen EZ Flu A&B and the remainder were tested by Remel
Xpect Flu A&B, which was implemented across all of the regional
laboratories during the peak of the 2012-2013 season (Fig. 2). The
performance results of the two rapid testing methods are com-
pared in Table 3. At the specimen level, the sensitivities, specific-
ities, and PPVs, of the two rapid testing methods were similar
whether testing for influenza virus A or B (P � 0.05) (Table 4).
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The NPV of Remel Xpect Flu A&B was higher than that of Direc-
tigen EZ Flu A&B for both influenza viruses A and B (P � 0.001).
The combined performance indicators for both testing methods
were similar to those for Directigen EZ Flu A&B alone (P � 0.05).

RIDTs demonstrated similar sensitivities for both influenza

virus A subtypes (P � 0.05). Of the influenza virus A-positive
specimens subtyped as A/H3N2 by rRT-PCR, 1,163/1,881 (61.8%)
were also positive for influenza virus A by RIDTs, while 8/15 (61.5%)
of the (H1N1)pdm09 subtype were positive for influenza virus A by
RIDTs.

For influenza virus A, only the sensitivity and NPV varied by
patient age (P � 0.01) (Tables 5 and 6). The sensitivity for influ-
enza virus A was higher in individuals �19 years old and those
�65 years old and was highest for children �4 years old. The NPV
was highest among children �5 years old. For influenza virus B,
there were no positive specimens from children �4 years of age;
hence, the sensitivity and PPV could not be determined (Tables 5
and 6). However, the sensitivity was highest in those 5 to 19 and
�65 years of age, but the difference did not achieve statistical
significance. Only NPV differed significantly by patient age (P �
0.05) and was highest among individuals �65 years of age.

The sensitivity, specificity, and PPV for both influenza viruses
A and B did not differ by influenza virus activity (i.e., high versus
low). Only the NPV varied by influenza virus activity for both
influenza viruses A and B (P � 0.001)—it was consistently lower
during periods of high influenza virus activity (70.1 versus 93.8%
during the 2010-2011 season, 82.5 versus 97.7% during the 2011-
2012 season, and 76.4 versus 97.6%, during the 2012-2013 influ-
enza season for high and low influenza virus activities, respec-
tively).

Performance testing of RIDTs at the institutional outbreak
level. After excluding all indeterminate results by any testing
method, a total of 2,345 outbreaks tested for influenza virus A and
2,338 outbreaks tested for influenza virus B (with most outbreaks
tested for both targets) were included in this study (Fig. 1 and 2).
A comparison of the results of rapid tests and rRT-PCRs is illus-
trated in Table 7.

RIDTs had an overall sensitivity of 79.1%, a specificity of

FIG 1 Study inclusion criteria used at PHOL from September 2010 to April 2013. *, Not all respiratory specimens were outbreak related. †, Most of the specimens
were tested for both influenza viruses A and B. Few specimens (n � 19) were tested only for influenza virus A by rRT-PCR. ††, Most of the outbreak samples were
tested for both influenza viruses A and B. Few outbreak samples (n � 8) were tested only for influenza virus A. �, Samples indeterminate by any test method were
excluded from this study.

TABLE 1 Numbers of specimens tested by RT-PCR and RIDTs by
season at PHOL from 1 September 2010 to 30 April 2013a

Season(s)
and RIDT
result

No. of RT-PCR results

Influenza virus A Influenza virus B

Positive Negative Total Positive Negative Total

2010-2011
Positive 574 3 577 5 1 6
Negative 376 1,603 1,979 21 2,540 2,561
Total 950 1,606 2,556 26 2,541 2,567

2011-2012
Positive 32 0 32 90 0 90
Negative 16 1,668 1,684 147 1,473 1,620
Total 48 1,668 1,716 237 1,473 1,710

2012-2013
Positive 631 0 631 22 0 22
Negative 424 1,891 2,315 26 2,912 2,938
Total 1,055 1,891 2,946 48 2,912 2,960

Overall
Positive 1,237 3 1,240 117 1 118
Negative 816 5,162 5,978 194 6,925 7,119
Total 2,053 5,165 7,218 311 6,926 7,237

a Specimens tested for influenza viruses A and B are not mutually exclusive. The
difference in the total number of specimens tested by each method occurred because
some specimens were tested for either influenza virus A or B. Specimens that tested
indeterminate for influenza virus A or B were also removed.
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99.8%, a PPV of 99.6%, and an NPV of 89.2% for the detection of
influenza virus A (Table 8). Only their specificity and NPV varied
by the influenza season (P values of �0.05 and �0.001, respec-
tively). Their specificity was lowest during the 2010-2011 season,
while their NPV was highest during the 2011-2012 season.

For influenza virus B, RIDTs had a sensitivity of 57.8%, a spec-
ificity of 100%, a PPV of 98.8%, and an NPV of 97.3% (Table 7).
Only their NPV varied by season and was lowest during the 2011-
2012 season (P � 0.001).

When the performance of RIDTs for the detection of influenza
virus A versus B was compared at the outbreak level, the sensitivity
and NPV varied by the influenza virus type (P � 0.001) (Table 8).
The sensitivity was higher for influenza virus A than for influenza
virus B (79.1 versus 57.8%, respectively), while the NPV was lower
for influenza virus A than for influenza virus B (89.2 versus 97.3%,
respectively). The specificity and PPV of RIDTs did not vary by the
influenza virus type.

At the outbreak level, the two rapid test methods had similar
sensitivities, specificities, PPVs, and NPVs (P � 0.05) (Table 4).

At the outbreak level, performance testing of RIDTs compared
to rRT-PCR for the detection of any influenza virus type demon-
strated an overall sensitivity of 76.5%, a specificity of 99.7%, a PPV
of 99.5%, and an NPV of 85.3%.

The sensitivity, specificity, and PPV for both influenza virus A
and B outbreaks did not vary by the setting. Only NPV for influ-
enza virus A outbreaks varied by the setting; it was highest in
LTCFs. Specifically, it was 91.4% in LTCFs, 83% in retirement
homes, and 75.6% in hospitals (P � 0.001). However, since no
influenza virus B-positive outbreaks were identified in hospitals
by RIDTs, their sensitivity and PPV in this setting could not be
determined.

DISCUSSION

RIDTs can be a useful tool for identifying the presence of influenza
virus in institutional respiratory disease outbreaks, as well as com-
munity settings, particularly in remote areas with no timely access
to molecular testing. Their rapid turnaround time, relative sim-
plicity of use, and low cost make RIDTs an appealing diagnostic
tool in outbreak settings, despite the existence of more advance
testing techniques. However, it is essential that clinicians under-
stand the drawbacks of RIDTs to be able to accurately interpret
their results.

Our study is unique in that we report on RIDT performance at
both the specimen and outbreak levels—the latter has not been
previously reported in the literature. We evaluated RIDT perfor-
mance in comparison to that of rRT-PCR in three consecutive
influenza seasons. Influenza virus A/H3N2 was the dominant vi-
rus during two seasons (2010-2011 and 2012-2013), and influenza
virus B was the dominant virus during one season (2011-2012
season). Our study population was composed primarily of elderly
residents associated with LTCF outbreaks.

Overall, RIDTs showed low sensitivity for the detection of in-
fluenza virus A (60.3%) and very low sensitivity for the detection
of influenza virus B (37.6%). However, RIDTs showed a very high
specificity and PPV for both influenza viruses A and B (�99%).
Low sensitivity and very high specificity have been reported pre-
viously, with higher sensitivity for influenza virus A than for in-
fluenza virus B (11). Conversely, moderate to high sensitivity and
specificity were reported for both influenza viruses A and B re-
cently; however, this study investigated the performance of RIDTsT

A
B

LE
2

P
er

fo
rm

an
ce

te
st

in
g

of
R

ID
T

s
fo

r
in

fl
u

en
za

vi
ru

se
s

A
an

d
B

at
th

e
sp

ec
im

en
le

ve
lb

y
P

H
O

L
fr

om
1

Se
pt

em
be

r
20

10
to

30
A

pr
il

20
13

P
ar

am
et

er
Fo

rm
u

la
a

E
st

im
at

ed
%

(9
5%

C
I)

fo
r

in
fl

u
en

za
vi

ru
s

A

P va
lu

e

E
st

im
at

ed
%

(9
5%

C
I)

fo
r

In
fl

u
en

za
vi

ru
s

B

P va
lu

e

P
va

lu
e

fo
r

ov
er

al
l

co
m

pa
ri

so
n

A
vs

B
O

ve
ra

ll
20

10
–2

01
1

se
as

on
20

11
–2

01
2

se
as

on
20

12
–2

01
3

se
as

on
O

ve
ra

ll
20

10
–2

01
1

se
as

on
20

11
–2

01
2

se
as

on
20

12
–2

01
3

se
as

on

Se
n

si
ti

vi
ty

T
P

/T
P

�
FN

60
.3

(5
8.

1–
62

.4
)

60
.4

(5
7.

2–
63

.5
)

66
.7

(5
1.

6–
79

.6
)

59
.8

(5
6.

8–
62

.8
)

0.
60

37
.6

(3
2.

2–
43

.2
)

19
.2

(6
.6

–3
9.

4)
38

.0
(3

1.
8–

44
.5

)
45

.8
(3

1.
4–

60
.8

)
0.

07
0.

00
Sp

ec
ifi

ci
ty

T
N

/F
P

�
T

N
99

.9
(9

9.
8–

10
0)

99
.8

(9
9.

4–
99

.9
)

10
0

(9
9.

8–
10

0)
10

0
(9

9.
8–

10
0)

0.
03

99
.9

(9
9.

9–
10

0)
10

0
(9

9.
8–

10
0)

10
0

(9
9.

8–
10

0)
10

0
(9

9.
8–

10
0)

0.
58

0.
32

P
P

V
T

P
/T

P
�

FP
99

.8
(9

9.
3–

99
.9

)
99

.5
(9

8.
5–

99
.9

)
10

0
(8

9.
0–

10
0)

10
0

(9
9.

4–
10

0)
0.

17
99

.1
(9

5.
3–

99
.8

)
83

.3
(3

6.
1–

97
.3

)
10

0
(9

5.
9–

10
0)

10
0

(8
4.

4–
10

0)
0.

05
0.

24
N

P
V

T
N

/F
N

�
T

N
86

.4
(8

5.
5–

87
.2

)
81

.0
(7

9.
2–

82
.7

)
99

.1
(9

8.
5–

99
.5

)
81

.7
(8

0.
1–

83
.2

)
0.

00
97

.3
(9

6.
9–

97
.6

)
99

.2
(9

8.
7–

99
.5

)
91

.0
(8

9.
4–

92
.3

)
99

.1
(9

8.
7–

99
.4

)
0.

00
0.

00
a

T
P

,t
ru

e
po

si
ti

ve
;F

N
,f

al
se

n
eg

at
iv

e;
T

N
,t

ru
e

n
eg

at
iv

es
;F

P
,f

al
se

po
si

ti
ve

.

Peci et al.

4312 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


mostly among pediatric patients and tested specimens directly
without using any transportation medium (12). The NPVs were
moderate (86.4%) and very high (97.3%) for influenza viruses A
and B, respectively; the NPV was significantly lower for A than for
B, reflecting higher circulation of influenza virus A than of influ-
enza virus B during the time frame of this study. Similar PPVs and
NPVs were reported in another study, although that study looked
only at children with influenza virus A/(H1N1)pdm09 (13).

As reported previously, RIDTs were not able to detect almost

40% of influenza virus A-positive specimens and 60% of influenza
virus B-positive specimens (6, 11). However, the likelihood of
false-positive results was very low for both influenza viruses A and
B even outside the influenza season. Hence, clinicians should be
confident of a positive influenza virus result obtained by RIDT.
Conversely, a negative result by RIDT in patients with symptoms
of acute respiratory infection would not rule out influenza (6).

All of the performance indicators except the NPV did not vary
by influenza season for either influenza virus A or B; the NPV was

FIG 2 Rapid testing methods used to test for influenza virus at PHOL from September 2010 to April 2013. *, Not all regional laboratories switched to the Remel
test exactly on 8 January 2014. Some regional laboratories may have taken slightly longer to switch to Remel Xpect Flu A&B. †, More than 80% of the specimens
from the 2010-2011 season, the 2011-2012 season, and part of the 2012-2013 season were tested by Directigen EZ Flu A&B. Remel Xpect Flu A&B was used only
during the peak of the 2012-2013 season and was used to test approximately 20% of the specimens in this study.

TABLE 3 Numbers of specimens tested by Directigen EZ Flu A&B and Remel Xpect Flu A&B at PHOL from 1 September 2010 to 30 April 2013

Test and result

Specimen level Outbreak level

Influenza virus A RT-PCR Influenza virus B RT-PCR0 Influenza virus A RT-PCR Influenza virus B RT-PCR

Positive Negative Total Positive Negative Total Positive Negative Total Positive Negative Total

Directigen EZ
Flu A&B

Positive 1,045 3 1,048 98 1 99 579 3 582 68 1 69
Negative 692 4,057 4,749 171 5,540 5,711 150 1,150 1,300 53 1,753 1,806
Total 1,737 4,060 5,797 269 5,541 5,810 729 1,153 1,882 121 1,754 1,875

Remel Xpect
Flu A&B

Positive 192 0 192 19 0 19 103 0 103 14 0 14
Negative 124 1,105 1,229 23 1,385 1,408 30 330 360 7 442 449
Total 316 1,105 1,421 42 1,385 1,427 133 330 463 21 442 463
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previously reported to be lower when influenza virus A or B activ-
ity was high (14). The overall lower prevalence of influenza virus B
than influenza virus A explains the consistently higher NPV for
influenza virus B. This is also a manifestation of the low sensitivity
of RIDTs, which results in a higher number of false-negative spec-
imens during high influenza virus activity.

Two different rapid tests were used in this study, Directigen EZ
Flu A&B and Remel Xpect Flu A&B. The first method was used for
the longest period of the study (28/32 months). PHOL switched to
a new testing kit as a result of the routine laboratory testing kit
selection process. The results of the two rapid tests were com-
bined, as there was no difference in performance testing at either
the specimen or the outbreak level. The NPV of Remel Xpect Flu
A&B was slightly higher; however, this was likely related to the
lower prevalence of influenza as a result of the shorter period for
which this method was used, as opposed to an actual difference in
test performance.

Similar specificities and PPVs were reported for both Directi-
gen EZ A&B and Remel Xpect Flu A&B previously (7, 15). While
lower sensitivity was reported in both studies (46.2 and 47%, re-
spectively), a very low NPV was reported in a study of the Remel
test (32%). However, both studies were conducted during the
2009 influenza virus A/(H1N1)pdm09 and the Remel study had a
small sample size.

Makkoch et al. reported a lower sensitivity of RIDTs for the
detection of influenza virus A/(H1N1)pdm09 than for the detec-
tion of influenza virus A/H3N2 (5); we did not find any difference
in sensitivity by subtype. However, the number of specimens pos-
itive for influenza virus A/(H1N1)pdm09 was very small and
therefore results should be interpreted with caution.

Sensitivity for the detection of influenza virus A was higher
among those �19 or �65 years old (elderly) than among other
adults, with the highest sensitivity occurring in children �4 yearsT
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TABLE 5 Age distribution of patients and residents whose specimens
were tested by RT-PCR and RIDTs at PHOL from 1 September 2010 to
30 April 2013

Age (yr)
and RIDE
result

RT-PCR result

Influenza virus A Influenza virus B

Positive Negative Total Positive Negative Total

�4
Positive 14 0 14 0 0 0
Negative 1 29 30 3 41 44
Total 15 29 44 3 41 44

5–19
Positive 14 0 14 7 0 7
Negative 8 36 44 11 40 51
Total 22 36 58 18 40 58

20–64
Positive 50 0 50 4 0 4
Negative 66 301 367 14 401 415
Total 116 301 417 18 401 419

65�
Positive 1,159 3 1,162 106 1 107
Negative 741 4,796 5,537 166 6,443 6,609
Total 1,900 4,799 6,699 272 6,444 6,716
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of age. A similar pattern was observed for influenza virus B, but the
results were not significantly different, likely because of the small
number of influenza virus B-positive specimens submitted from
younger age groups. Higher sensitivity among younger children is
likely due to higher virus shedding in this age group (6, 11, 16).
Most studies have failed to report the performance of RIDTs ex-
clusively among the elderly or grouped them together with other
adults (4, 12). We found a higher sensitivity of RIDTs for influenza
virus A in the elderly than among adults 20 to 64 years of age,
which may be related to having more severe disease, prolonged
shedding, and high viral loads, which leads to better sensitivity
(11, 15, 17).

When influenza virus activity is high, the proportion of pa-
tients with positive RIDT results who have influenza (PPV) is
highest, while the proportion of patients with negative RIDT re-
sults who do not have influenza (NPV) is lowest (6). Consistent
with other studies, we found the NPV to be higher during periods
of low influenza virus activity (influenza virus percent positivity,
�10%) but did not find a relationship between the PPV and in-
fluenza virus activity, which may be related to the low number of
false positives (three specimens false positive for influenza virus A
and one false positive for influenza virus B), which all occurred
during the 2010-2011 influenza season. We also looked at the
performance of RIDTs during the “traditional” influenza season
(November to April) versus “out of season,” from May to Octo-
ber. We did not find any difference in any of the indicators of
RIDT performance, since the timing of influenza varied from year
to year. Thus, limiting the use of RIDTs to the traditional influ-
enza season was not supported by the results of this study.
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TABLE 7 Numbers of outbreak specimens tested by RT-PCR and
RIDTs by season at PHOL from 1 September 2010 to 30 April 2013a

Season(s)
and RIDT
result

No. of RT-PCR results

Influenza virus A Influenza virus B

Positive Negative Total Positive Negative Total

2010-2011
season

Positive 301 3 304 5 1 6
Negative 79 398 477 6 764 770
Total 380 401 781 11 765 776

2011-2012
season

Positive 17 0 17 61 0 61
Negative 3 559 562 45 474 519
Total 20 559 579 106 474 580

2012-2013
season

Positive 364 0 364 16 0 16
Negative 98 523 621 9 957 966
Total 462 523 985 25 957 982

Overall
Positive 682 3 685 82 1 83
Negative 180 1,480 1,660 60 2,195 2,255
Total 862 1,483 2,345 142 2,196 2,338

a Outbreak specimens tested for influenza viruses A and B are not mutually exclusive.
The difference in the total number of outbreak specimens tested by each method
occurred because some outbreak specimens were tested only for either influenza virus A
or B.
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RIDT performance at the outbreak level for both influenza
viruses A and B showed higher sensitivity than at the specimen
level, with significantly higher sensitivity for influenza virus A out-
breaks than for influenza virus B outbreaks. Sensitivity was mod-
erate for influenza virus A outbreaks (79%) and low (58%) for
influenza virus B outbreaks. Specificity and PPV were very high
for both influenza virus A and B outbreaks (�99 and 98%, respec-
tively). The specificity for influenza virus A outbreaks and the
NPV for both influenza virus A and B outbreaks varied by influ-
enza season. Specificity variations for influenza virus A just met
the threshold for significance; thus, the results may have been the
due to random variation. The NPV was moderate (89.2%) for
influenza virus A and high (97.3%) for influenza virus B. As ex-
pected, the NPV was the lowest when the influenza virus preva-
lence was highest.

The performance of RIDTs for the detection of any influenza
virus at the outbreak level showed a moderate sensitivity (76.5%),
which was slightly lower than the sensitivity for influenza virus A
when examined separately. Other performance parameters were sim-
ilar to individual results for each influenza virus type (all �85%).

RIDTs performed better at the outbreak level than at the spec-
imen level, as RIDTs did not detect 21% of the influenza virus A
outbreaks and 40% of the influenza virus A-positive specimens
and did not detect 42% of the influenza virus B outbreaks and 60%
of the influenza virus B-positive specimens. However, a positive
result has a less than 1% chance of being false positive at both the
outbreak and specimen levels. Therefore, a single positive RIDT
result should trigger the initiation of antiviral treatment and pro-
phylaxis for outbreak management. The suboptimal sensitivity of
RIDTs can be addressed by the use of molecular testing for a lim-
ited number of specimens.

RIDTs performed similarly in all of the outbreak settings, with
the exception of their NPV, which was higher in LTCFs. However,
these results should be interpreted with caution as the number of
outbreak specimens tested from hospitals and retirement homes
was small in comparison to those from LTCFs. Thus, the percent
positivity of influenza virus specimens in these settings may not
represent the true disease prevalence there.

This study has a number of limitations. At PHOL, RIDTs were
used primarily for outbreak specimens, with most of those sub-
mitted from LTCFs; hence, fewer specimens were from younger
age groups or from other settings (e.g., hospitals or day care cen-
ters). In addition, there was an overall low circulation of influenza
virus B during the study period. This prevented us from fully
exploring rapid test performance among different age groups.
Second, there were few influenza virus A/(H1N1)pdm09- and in-
fluenza virus B-positive specimens from outbreaks; hence, there
was insufficient statistical power for a comparison of the perfor-
mance of RIDTs for all influenza virus types and subtypes. Third,
we have to rely on our customers in regard to adherence to
PHOL’s specimen collection, handling, and transportation rec-
ommendations, as noncompliance may affect testing. In addition,
the date of symptom onset is not consistently reported on the
laboratory requisition form, preventing us from calculating the
mean time from disease onset to specimen collection (11). Fourth,
the time period for the use of the Remel Xpect Flu A&B method
could not be defined properly since there was no uniformity across
regional laboratories in the date of switching to the new testing
method. However, the sensitivity analysis adjusted for this by con-
firming that the combined results of both RIDTs were not differ-T
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ent from those from the earlier time period, when only one RIDT
was in use.

In conclusion, our study is unique in that it evaluated RIDT
performance indicators at both the specimen and outbreak levels.
Because of their high specificity and PPV, even outside of the
influenza season, RIDTs can play a role in screening for influenza
virus in outbreaks and in the institution of antiviral therapy in a
timely manner when the results are positive. RIDT results can also
be useful in remote settings where molecular virology testing is
not easily accessible. Suboptimal sensitivity of RIDTs can be ad-
dressed by the use of more sensitive molecular methods.
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